jojo et al. recently reported that the sensitization to cat allergens was a more important risk factor for the development of asthma and asthma-like symptoms than was cat ownership in adults, suggesting that sensitization to cats may develop regardless of cat ownership.
INTRODUCTION
Sensitization to animal allergens is one of the most important risk factors for developing allergic diseases such as asthma, rhinitis, and atopic dermatitis, particularly in occupationally exposed workers. 1 As furry pet ownership in indoor environments increases, sensitization to animal allergens from domestic exposure is a concern. Few studies have evaluated the association between pet ownership and sensitization to animal allergens in adults. Furthermore, the studies that have been conducted have differed according to the type of animals, exposure timing and duration, and study design. 2 In general, the relationship between cat ownership and sensitization to cats is still controversial, but dog ownership has been shown to be preventive for sensitization to dogs. 2 There is some evidence that indirect exposure, not direct ownership, can result in the development of sensitization to animal allergens and allergic diseases in the general population. Noert-cat ownership (0.8%). 5 However, the sensitization rate to cats was reported to be 9.1%, which is comparable to 8.6% for dogs in Korea, 6 suggesting the development of sensitization to cats by indirect exposure. Thus, the purpose of this study was to investigate the relationship between pet ownership (cat, dog, and rabbit) and sensitization to each animal in patients with various allergic diseases. We classified pet exposure into several categories according to the modality of exposure in order to evaluate how direct or indirect exposure contributes to the development of sensitization to each pet in patients with various allergic diseases.
MATERIALS AND METHODS

Study subjects
Patients who took allergy skin prick tests for evaluation of various allergic diseases from July 2007 to August 2008 at Hallym University Kangdong Sacred Heart Hospital were enrolled in this study. Allergy skin prick tests were performed with 55 common inhalant and food allergens including Dermatophagoides pteronyssinus, Dermatophagoides farinae, birch, ragweed, mugwort, Alternaria, dog epithelium, cat epithelium, and rabbit epithelium. A mean wheal diameter of 3 mm or greater was considered a positive reaction.
All patients provided informed consent. The Regional Institutional Board of Ethics of Hallym University Kangdong Sacred Heart Hospital approved this study.
Questionnaire
We focused on 3 animal allergens: cat, dog, and rabbit. The patients completed the questionnaire about demographic characteristics, pet ownership, and modality of exposure to each animal (Fig. 1) . Briefly, the questionnaire about exposure modality was modified from a previous report by Liccardi et al. 7 and included the followings: 1) I have been keeping a dog (cat, rabbit) at home for more than 6 months -present ownership, 2) I have kept a dog (cat, rabbit) at home in the past for more than one year -past ownership, 3) I have a job that deals with a dog (cat, rabbit) -occupational exposure, 4) I do not keep a dog at home, but I come in close contact with dogs (cats, rabbits) occasionally outside -occasional exposure, 5) I am in contact with a person who keeps a dog (cat, rabbit) at home -indirect exposure, or 6) I have never been in contact with a dog (cat, rabbit) -no contact. Present ownership, past ownership, occupational exposure, and occasional exposure were regarded as direct exposure.
Statistical analyses
The prevalence was expressed as a percentage and continuous variables were expressed as the mean±standard deviation. Comparisons of the modality of exposure to each animal in the sensitized patients were performed using chi-square tests. To evaluate independent risk factors for sensitization to each animal allergen, multivariate analyses by binary logistic regression analyses were performed, controlling for age and sex as covariates, and were expressed as odds ratios with 95% confidence intervals (CI). A P value of less than 0.05 was regarded as statistically significant. All statistical analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Clinical characteristics of the study subjects
In total, 401 patients were enrolled in this study. The mean age of the study subjects was 40.9±15.6 years with a range of 16 to 82, and 201 (50.1%) subjects were male. Of the subjects, 178 (44.4%) had a family history of allergic diseases. The most common clinical diagnosis of the patients was chronic cough (34.2%), followed by asthma (28.2%), allergic rhinitis (11.2%), urticaria (3.2%), and atopic dermatitis (2.5%). The prevalence of pet ownership in the past was 55.8% (dog: 52.9%, cat: 3.1%, rabbit: 7.6%), and the prevalence of pet ownership at present was 22.2% (dog: 83.1%, cat: 2.2%, rabbit: 0.2%). Sensitization rates to common inhalant allergens in the study subjects were 47.1% for Dermatophagoides pteronyssinus, 47.4% for Dermatophagoides farinae, 5.7% for Alternaria, 20.4% for dog epithelium, 15.0% for cat epithelium, 9.0% for rabbit epithelium, 10.7% for birch, 12.0% for ragweed, and 13.5% for mugwort (Fig. 2 ).
Clinical characteristics of the patients sensitized to each pet allergen
The clinical characteristics of the patients sensitized to each animal are shown in Table 1 . The number of sensitized patients was 82 for dog, 60 for cat, and 36 for rabbit. There were no significant differences in sex, age, or family history of allergic diseases http://e-aair.org among the 3 groups. The prevalence of pet ownership in the past was 53.7% of the dog-sensitized group, 60.6% for the catsensitized group, and 55.6% for the rabbit-sensitized group. The prevalence of pet ownership at present was 41.5% of the dogsensitized patients, 35.0% of the cat-sensitized patients, and 38.9% of the rabbit-sensitized patients. Dogs were the most popular pet raised in the past or at present, regardless of the sensitization to each animal. The most common clinical diagnosis of each group was asthma, followed by chronic cough, allergic rhinitis, and atopic dermatitis.
The sensitization rate to common inhalant allergens in each group showed a similar trend to the sensitization rate of all study subjects. House dust mites were the most commonly sensitized allergens (range: 77.8%-89.0%). Each group also showed relatively higher levels of co-sensitization to the other 2 animal allergens. Sensitization rates were 45.1% to cat and 23.2% to rabbit in the dog-sensitized group; 61.7% to dog and 28.3% to rabbit in the cat-sensitized group; 52.8% to dog and 47.2% to cat in the rabbit-sensitized group.
Effects of pet ownership on the sensitization to each pet allergen
There were significant differences in the modality of exposure to each sensitized animal among 3 groups ( Table 2 ). The prevalence of 'direct exposure' to each animal was significantly higher in the dog-sensitized group (72.0%) than in the other animalsensitized groups (18.4% for cat, 16.7% for rabbit). 'No exposure' to the sensitized animal was significantly higher in the catsensitized group (78.3%) and rabbit-sensitized group (83.3%) than in the dog-sensitized group (26.8%) (P<0.0001).
Risk factors for sensitization to each animal allergen
When we analyzed independent risk factors for sensitization to each animal allergen, direct exposure to dogs (OR=1.5, P= 0.029), as well as sensitization to Dermatophagoides pteronyssinus (OR=2.4, P=0.052), Dermatophagoides farinae (OR=5.1, P=0.001) and cat epithelium (OR=4.4, P<0.0001) were found to be independent risk factors for sensitization to the dog allergen. However, direct exposure to cat or rabbit were not independent risk factors for the sensitization to cat or rabbit. Sensitization to dog epithelium (OR=4.4, P<0.0001) and rabbit epithelium (OR=2.6, P=0.036) were independent risk factors for sensitization to cat, and the sensitization to Alternaria (OR=6.0, P=0.002) was an independent risk factor for sensitization to rabbit (Table 3 ).
DISCUSSION
We found that the prevalence of 'direct exposure' to dog was significantly higher in the dog-sensitized patients whereas 'no exposure' was significantly higher in the cat-or rabbit-sensitized patients. Direct dog exposure was one of the independent risk factors for sensitization to dog.
Although there have not been many studies about the relationship between dog ownership and sensitization to dogs, dog ownership has consistently been suggested to be protective for sensitization to dog. [8] [9] [10] This is quite contrary to our results about dog ownership. Two previous reports investigated the effect of early-life dog exposure, such as in the first year of life, on sensitization to dog in childhood or adolescence. 8, 9 We also questioned the study subjects about pet ownership in the past. However, the question did not clarify the exact timing of pet ownership, but instead asked whether the subjects had owned certain types of pets as far as they could remember. This methodological difference would cause different results. One report that studied the relationship between current dog ownership and sensitization to dog in adulthood could not show any significant relationship between them. 10 In addition, the study subjects in previous reports were from the general population, whereas our study population was composed of patients with various allergic diseases. Underlying allergic tendencies might influence the sensitization to dog allergens in this study. Thus, our results suggest that dog ownership is positively associated with the sensitization to dog allergen in allergic patients.
The association of cat ownership and development of sensitization to cats remains controversial. Some studies have shown protective effects but others reported an increased risk.
9-12 A Danish group reported that current cat ownership was significantly associated with sensitization to cats which was tested by measuring specific IgE to cats in an adult population, in which approximately 40% owned cats previously or currently compared to just 1% in our study. 10 This likely could influence the high prevalence of sensitization to cat. The prevalence of sensitization to cat is quite high in the Korean population even though cat ownership is very low, 5, 6, [13] [14] [15] which is seemingly attributable to the many stray cats and their high reproduction rate in cities. 16 Therefore, cat allergens seem to be common in our environment. People are unavoidably exposed to cat allergens, which might lead to the development of sensitization to cat in non-cat owners. We also found that sensitizations to house dust mites and cat allergens were also independent risk factors for sensitization to dog allergens with higher odds ratios (OR: 2.4 for D. pteronyssinus, 5.2 for D. farinae, 4.4 for cat) than direct exposure (OR: 1.5). In addition, each sensitization to the other pet allergens or Alternaria was an independent risk factor for the sensitization to each animal (Table 3) . Similarly, Linneberg et al. 10 demonstrated that an atopic predisposition to allergens other than cat at baseline was an independent risk factor for the development of IgE sensitization to cat. Because house dust mites, Alternaria, and cat allergens are common inhalant allergens in our environment, this result implies that the individual atopic status of patients may play an important role for the sensitization to pets.
Moreover, a significant percentage of the dog (or cat, rabbit)-sensitized patients were co-sensitized to the other pet allergens in our study. It is plausible that these patients are sensitized to http://e-aair.org dogs by direct dog ownership and are sensitized to cats or rabbits by indirect exposure. However, cross-reactivity among animal allergens may also play a role. Knowledge regarding crossallergenecity among animal allergens is still limited. Serum albumin has been reported as a major cross-reactive allergen in cat and dog dander (Fel d 2 for cat and Can f 3 for dog). 17 Reininger et al. 18 demonstrated a Fel d 1-like allergen in dog dander allergen extracts, suggesting a cross-reactive molecule between dog and cat allergens. Recently, the dog lipocalin allergen Can f 2 was reported to have cross-allergenecity with cat allergen Fel d 4. 19 Further studies are required to elucidate whether co-sensitization to several pet allergens in a patient is due to direct or indirect exposure to each pet allergen or because of cross-reactivity among animal allergens.
In the current study, the sensitization rate to pet allergens was 20.4% for dog, 15.5% for cat, and 9.0% for rabbit in patients with various allergic diseases. These results were higher than those in other studies that evaluated the sensitization rates for common inhalant allergens in Korea. A recent multi-center study in Korea showed an 8.6% sensitization rate for dog and 9.1% for cat, 6 and another study in a large city in southern Korea showed a 5.8% sensitization rate for dog and 10.2% for cat. 13 Two studies from rural Korea reported relatively lower sensitization rates for dog and cat allergens, approximately 5% less than the results from the large cities.
14,15 These differences may be explained by regional variations such as living environments or the prevalence of pet ownership in a local community. In one report from California, the cat sensitization rate was much higher (37%) than that in Korea, which might be due to the relatively low rate of cat ownership in Korea compared with western countries. 5, 20 There are limited data about the rabbit sensitization rate in Korea because rabbit has not been considered a common animal allergen. Two previous studies reported 7.8% and 11.8% rates of rabbit sensitization, which were similar with our results. 13, 14 This relatively high sensitization to rabbit allergens cannot be explained by direct ownership because rabbits are uncommon pets in Korea. However, rabbit has recently been reported to be an important pet allergen in the development of significant respiratory allergic diseases owing to household rabbit exposure. 21 Additionally, rabbit ownership is increasing. 7, 21 Therefore, it is necessary to pay attention to rabbit sensitization in allergic patients. Further study will be needed to elucidate this relationship and determine the cross-allergenecity between rabbit and other animal allergens.
Our study has several limitations. The first is a relatively small number of study subjects. The second is that the questionnaire did not ask about the timing of past pet ownership and the duration of current pet ownership. Without regard to exposure timing or the duration of pet ownership, we classified all current and past pet ownership into 'direct exposure' . Short current or very remote past exposure to pets might influence the sensitization to animal allergens differently. Furthermore, assessment of pet exposure was based on individual recall, which might have potential bias. 22 The third limitation is that our study population included only patients with various allergic diseases. Patients with allergic diseases tend to avoid pets at home, and this could influence our results. 23 In conclusion, our results suggest that direct exposure to dog allergens by dog ownership in the past and present contributes to sensitization to dog allergens in adult patients with allergic diseases. Sensitization to cat allergens can develop in non-cat owners without direct exposure, suggesting that cat allergens may be prevalent in our public environment. A prospective study with a larger cohort and more detailed evaluation of pet ownership will be needed to verify our findings.
